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Heating and Cooling Chamber
Non-destructive Airtight Window HolderMain Temperature Cycling Components
Major Design Driver:
Viscosity of fluid 
Relationship:
Viscosity decreases with temp 
increase
Major Design Driver:
Cooling and Heating Capacity
Heat loss and rate:
Qloss(in cooling case) = 25W
Qreq(while cooling) = 0.47 W/C
Fluid Circulator:
Rated for minimum 115 W 
Heat Exchanger:
Rated for 25W/C
Description [1] Requirement [1]
Sample size 1x1” and 4x4”
Duration of any portion of 
the test cycle 
+/- 5 min








Number of Temperature 
Cycles 
14 cycles 
Room-side and Weather-side 
Temperature Requirements [1]
Exterior of Chamber [4]
Section view of Chamber [4]
Heat Exchanger with Fan
Feedthroughs (for electrical, 
thermocouples, fluid and 
nitrogen)
Cover – holds sample and has hole for 
room-side condition exposure (cover will 
be changed for different sample sizes)
Weather-side chamber
The heat loss through the walls was 
modeled with thermal conductivity 
of 0.025 W/mK and a thickness of 
40mm as a baseline. 
The heat loss was modeled in 2 
scenarios:
1) Convective heat exchange 
2) Constant temperature 
a. Parameters: Temp = -30C, Wind 
speed (from fan) = 5.5m/s]
b. Heat entering =  9.0 W [2]
a. Parameter: Constant Surface 
Temp = -30C
b. Heat entering =  10.6 W [2]
Major Design Driver:
Minimizing heat loss and functional 
within operating temperature range
Relationship:
Q = kA ΔT /t [3] 
Q ∝ 1/t (when k, ΔT, A constant)
Q = Heat loss, k = thermal 
conductivity




















Effect of Insulation Thickness on 
Heat Loss, k = 0.025 W/mK
Side view of chamber with
4x4” Window,
8.5x11x 11” Chamber  
Motivation 
Single pane windows are a source of energy loss, however in many
cases it is not economical and not structurally suitable to replace
them for energy efficient windows. A new window technology is being
developed to create energy efficient, single pane windows. Thermal
cycle testing (ASTM Standard Designation: E2264 − 05) is a
requirement for new windows and the presented work is focused on
the design, analysis and construction of a thermal cycling chamber for
small window samples without a frame.
• Monitored lab temperature and humidity
• Humidity fluctuates significantly (+/- 15% RH)
• Temperature constant




Window sample compressed 
with bolts between the top 
and bottom plate and 
sheets of rubber gasket to 
form airtight seal. 
Block Diagram [5] Front Panel [5]





























Minimal increase in 
temp of fluid across 
range of volumetric 
flow rates because of 
high specific heat of 
fluid
Affect of Volumetric Flow Rate of 



























New single-pane window technology 
Results
a) 20C to -15C = 40 minutes
b) -15C to 50C = 25 minutes 
a) Logs the temperature data 
from the thermocouples
1. Thermocouple data logging program
2. Time for bath to reach Temperatures
pump speed 50%
Future Testing
a) 23C to -30C 
b) -30C to 23C
c) 23C to 86C
d) 86C to 23C
1. Time for box to reach required Temperatures, pump speed 50%
2. Measure heat loss from the chamber 
3. Find temperature at which condensation forms on inside of 
window
